The structural proteins of adenovirus-associated virus (AAV) types 1, 2, and 3 were analyzed by acrylamide gel electrophoresis. In each case, one major protein (C) and two minor proteins (A and B) were identified. Component C had an estimated molecular weight of 62,000 daltons, and the molecular weights of components A and B were found to be 87,000 and 73,000 daltons, respectively. Coelectrophoresis of adenovirus and AAV proteins revealed an overlap only between the adenovirus fiber-penton component and the AAV C polypeptide. Among AAV serotypes, homologous components were electrophoretically identical, except that the C component of AAV-2 was of slightly lower molecular weight than the C components of AAV-1 and AAV-3. The relative incorporation of "4C-arginine and '4C-mixed amino acids into the three polypeptides of AAV-2 was similar, indicating an absence of an arginine-rich component. In addition, AAV-2 was found to have a substantially lower arginine content than helper adenoviruses.
The adenovirus-associated viruses (AAV) are small, deoxyribonucleic acid (DNA)-containing animal viruses whose size and physical properties resemble those of other members of the parvovirus group (1, 4, 7, 19, 22) . The AAV differ, however, from other parvoviruses in two distinctive ways. (i) They are defective and multiply only in cell cultures which are also infected with an adenovirus (1, 7, 14, 25) , and (ii), although AAV particles contain single-stranded DNA, each virion contains either a "plus" or a "minus" strand of complementary DNA (2, 13, 21) . Thus far, four AAV serotypes have been clearly defined (7, 14, 20) . Although genomes from all four serotypes appear to share a similar degree of nucleic acid sequence homology (20) , antigenic relatedness can only be demonstrated between AAV-2 and AAV-3 (7) . Neither antigenic relatedness nor nucleic acid sequence homology can be detected between AAV and their helper adenoviruses (1, 7, 20) .
The single-stranded AAV genome has a molecular weight of 1.5 x 106 to 1.7 x 106 daltons (15, 19, 21) and is approximately 112 as large as the double-stranded adenovirus genome. Although AAV are defective, AAV DNA is similar in size to DNA from other parvoviruses (4, 22 (2, 19) .
Polyacrylamide gel electrophoresis. The basic technique of gel electrophoresis has been described in detail (1 1, 12) . Specific conditions are given with each figure.
Amino acid analysis. Amino acid composition was determined as before (8) by using a model 120-C Beckman amino acid analyzer.
RESULTS
Electrophoresis of viral proteins. Figure 1 shows a comparison of the proteins of AAV-1 and adenovirus type 7. There are one major and two minor AAV protein components. These have been designated A, B, and C in order of descending size. The minor components, A and B, with molecular weights of 87,000 and 73,000 daltons, respectively (Table 1) , are smaller than adenovirus hexon protein, which has a molecular weight of 120,000 daltons (12) . The major AAV component, C, has a molecular weight similar to that of adenovirus fiber protein, about 62,000 daltons (12) . Only the C component is observed to overlap (12) . Only the C component is observed to overlap an adenovirus polypeptide. This is of interest be- (10) . In this and all subsequent figures, migration is from left to right. d Calculated by dividing the total daltons of protein of a given type in the virion by the molecular weight of that component. The total daltons of protein was obtained by subtracting the molecular weight of deoxyribonucleic acid (1.7 X 106 daltons; reference 21) from the molecular weight of the virion (5.4 X 106; reference 13). A similar virion molecular weight was also determined from a sedementation value of 125S as observed in 5 to 20% sucrose density gradients.
cause of AAV dependence on adenoviruses. However, in view of the lack of antigenic and genetic relatedness between AAV and adenoviruses, the significance of this finding remains unknown.
A comparison of the proteins of three AAV serotypes, AAV-1, AAV-2 and AAV-3, is shown in Fig. 2 . In these studies AAV-1, labeled with 3H-RPH, was mixed with either '4C-RPH-labeled AAV-2 or AAV-3, and the viral proteins were electrophoretically separated as before. 
(III).
Comparison of AA V-1 and AA V-3. AA V-3 labeled withl 14C-RPH (7,893 counts/min) was mixed with 3H-labeled AA V-1 (5,661 counts/min) and analyzed exactly as in Fig. 1 (13) , the number of C molecules per virion is calculated to be 52. If the AAV capsid is icosahedral, the minimum number of polypeptide units required for its construction would be 60 (3), i.e., 5 molecules for each of 12 vertices. Component C molecules would thus appear to be repeating units of capsid structure. The small proportion of A and B molecules suggests either that they are internal components, or, if they are in the capsid, they are not distributed according to fully occupied icosahedral symmetry.
Relative arginine content of AAV proteins. In the case of helper adenoviruses, internal components have been shown to have a high content of the basic amino acid, arginine (11, 16, 17) . This possibility was also investigated with respect to AAV proteins. Figure 3 shows the electrophoretic patterns of AAV-2 protein labeled with 14C-arginine (panel I) and 14C-RPH (panel II). No relative difference in the incorporation of radioactive precursors is seen.
Other minor components. At least four components are detected in very small amounts in both the AAV-2 preparations, by using the sodium lauryl sulfate-containing disc electrophoresis buffer system and autoradiography (Fig. 3) . Their mobilities indicate that they range in size from 15,000 to 40,000 daltons. It cannot be deduced at this time whether they represent integral and important virion constituents or whether they are merely degradation products or minor cell contaminants.
Amino acid analysis of AAV protein. An amino acid analysis of AAV-2 protein is shown in Table  2 . The 4.8 moles per cent arginine content of this protein is considerably lower than an average value of 8 moles per cent found by Green et al.
for several human adenovirus (16) . The other major difference between AAV and adenovirus proteins is the relatively low alanine content of AAV protein, about half that found in adenovirus protein.
DISCUSSION Three AAV serotypes (AAV-1, AAV-2, and AAV-3) each have three structural proteins, components A, B, and C. Among these serotypes, homologous components are electrophoretically similar, except for a small difference between AAV-2C and the C components of AAV-1 and AAV-3. The molecular weights of the A, B, and C polypeptides were found to be 87,000, 73,000 and 62,000 daltons, respectively. It should be noted that the estimated molecular weights of the AAV polypeptides are about 15% greater than those reported for the respective A, B, and C polypeptides of KRV (23) . The tein, i.e., have overlapping amino acid sequences. The C polypeptide of AAV protein appears to be the main unit of capsid structure, whereas the A and B polypeptides may be internal components. In contrast, the polypeptide corresponding to the B component is the major structural unit of KRV (23) . Based on the relative incorporation of 14C-RPH and 14C-arginine into A, B, and C polypeptides, there is no AAV structural component relatively rich in arginine as is the case for helper adenoviruses. Furthermore, the arginine content of AAV protein is considerably less than that of adenovirus protein.
Our findings demonstrate distinct differences between AAV and adenovirus proteins. The results suggest that adenovirus complementation of AAV replication does not depend on a contribution of an adenovirus polypeptide(s) to the AAV virion. 
